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Preliminaries
James Webb Space Telescope (JWST), Lambda Cold Dark Matter (ΛCDM)
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The ΛCDM (Lambda cold dark matter) or Lambda-CDM model

For further references, see NASA / LAMBDA Archive
or go to the next url:
https://lambda.gsfc.nasa.gov/education/graphic_history/univ_evol.html

13 / 27

https://lambda.gsfc.nasa.gov/education/graphic_history/univ_evol.html
https://lambda.gsfc.nasa.gov/education/graphic_history/univ_evol.html


There was an earlier alert
• In 2016, Hubble discovered some extremely far-off galaxies. The most distant of

these was GN-z11, a dim smudge that was discovered and dated to 400 million
years after the Big Bang.

A Remarkably Luminous Galaxy at z=11.1 Measured with Hubble Space
Telescope Grism Spectroscopy,
P. A. Oesch et. al,
arXiv: 1603.00461• Even though it was unusually early for a galaxy, the fact that it stood alone and

was so small (about 1% the mass of the Milky Way) meant that it did not cast
doubt on the ΛCDM hypothesis.• To discover if GN-z11 was an anomaly or a member of a wider population of
puzzlingly early galaxies, which could help determine whether we are missing a key
component of the “ΛCDM recipe”, astronomers needed a more powerful telescope.
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Discovering a fossilized rabbit in Precambrian rock
• Last spring, as the James Webb Space Telescope (JWST) opened its lens,

extremely far-off but brilliant galaxies shone into the telescope’s field of view.• The earliest of those confirmed galaxies, which currently holds the record for the
universe’s earliest structure, first released light 330 million years after the Big Bang.• Astronomers confirmed in December that some of the galaxies are actually as far
away and, consequently, as distance, as they appear.• Astronomers started to wonder if the abundance of early massive things
contradicted our existing knowledge of the cosmos.• The observations from the telescope were defying the accepted theory of
cosmology, a tried-and-true system of equations known as the lambda cold dark
matter model, or ΛCDM model, and thrillingly pointing to new cosmic constituents
or governing laws.• Astronomers are reconsidering how galaxies are created, particularly in the cosmic
beginning, because the ΛCDM hypothesis is robust. That doesn’t necessarily mean
the instance of the too-early galaxies won’t end up being noteworthy. 15 / 27



Discovering a fossilized rabbit in Precambrian rock
• Astronomers who worked on the first study using JWST data noticed a galaxy that

seemed unusually bright and far away. Its designation, GLASS-z13, denotes that it
is farther distant than anything previously observed, with an apparent distance at a
redshift of 13. Later, the galaxy’s redshift was reduced to 12.4, and its designation
was changed to GLASS-z12.

Two Remarkably Luminous Galaxy Candidates at z ≈ 10 − 12 Revealed by
JWST, Rohan P. Naidu et. al, arXiv: 2207.09434• A galaxy known as CEERS-1749 or CR2-z17-1, whose light appears to have left it

13.7 billion years ago, just 220 million years after the Big Bang - barely an eyeblink
after the beginning of cosmic time, was reported by other astronomers working on
the various sets of JWST observations to have a redshift value of 11 to 20.

Schrodinger’s Galaxy Candidate: Puzzlingly Luminous at z ≈ 17, or
Dusty/Quenched at z ≈ 5?, Rohan P. Naidu et. al, arXiv: 2208.02794
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Visible matter interacts and behaves in complex ways
• These alleged discoveries suggested that the clean narrative known as the ΛCDM

might not be complete. Galaxies instantly grew massive for some reason. Massive
galaxies aren’t something you anticipate finding in the early cosmos. They haven’t
had enough time to develop as many stars, and they haven’t combined.• The early, brilliant galaxies observed by JWST were found to be an order of
magnitude heavier than the galaxies that formed concurrently in the computer
simulations of universes guided by the ΛCDM model.

Has JWST already falsified dark-matter-driven galaxy formation?,
Moritz Haslbauer et. al, arXiv: 2210.14915• Not all cosmologists agreed with the allegation made by certain astronomers that

JWST was shattering cosmology. The forecasts made by CDM have the drawback
of not always being precise. Dark matter and dark energy are basic, but visible
matter exhibits complicated interactions and behaviors, and the details of the first
few years following the Great Bang remain unknown.
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The Lyman Break

• The JWST Advanced Deep Extragalactic Survey (JADES) team looked for galaxies
whose Lyman break, or abrupt cutoff, of infrared light occurs at a specific
wavelength. This breach happens as a result of light absorption by hydrogen that is
floating between galaxies. The wavelength of that abrupt break shifts as a result of
the universe’s ongoing expansion, which also causes the light from far-off galaxies
to change its wavelength. A galaxy is farther away if its light seems to diminish at
longer wavelengths. Redshifts up to 13.2 were found by JADES, indicating that the
galaxy’s light was produced 13.4 billion years ago.

Discovery and properties of the earliest galaxies with confirmed distances,
B. E. Robertson et. al,
arXiv: 2212.04480
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The Lyman Break
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• Throughout the first billion years of the universe’s existence, galaxies evolved 10
times more quickly than they do now.• One fundamental presumption is the initial mass function (IMF), which states that
stars always form within a specific statistical range of masses. The IMF, however,
might have been different in the early universe. The ΛCDM model’s basic input
can be changed to produce practically any desired result.• A significant supercomputer simulation of ΛCDM universes revealed that the
simulations could create galaxies as massive as the four that the JADES team
spectroscopically examined. These four stand out because they are both smaller
and fainter than other alleged early galaxies like GLASS-z12.

Can Cosmological Simulations Reproduce the Spectroscopically Confirmed
Galaxies Seen at z ≥ 10?,
B.W. Keller, F. Munshi, M. Trebitsch and M. Tremmel,
arXiv: 2212.12804
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CEERS-1749, GL-z13, GL-z11, and ID 1514 24 / 27
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